Background The aim of this study was to evaluate the oral health-related quality of life (OHRQoL) in patients with rheu-
Introduction
Rheumatoid arthritis (RA) leads to reduced health-related quality of life (HRQoL) as a result of painful interruption of the musculoskeletal system and related impairment of the motion sequence of concerned patients [1] . The current therapy is complex and contains disease-modifying antirheumatic drugs (DMARDs), such as methotrexate, as well as newer biological agents [2] . Thus, symptoms and the progress of RA can be reduced [3, 4] , which increases the HRQoL of medically treated RA patients. Therefore, these RA patients reach a physical and mental condition that allows them to accomplish daily requirements, perform activities, and establish or keep social contacts and interpersonal relationships [5] .
The limited mobility of the wrist and finger joints, the reduced ability to perform oral hygiene, and the increased inflammatory activity increase the risk of periodontal disease (PD) [6] [7] [8] . Associations between RA and PD have been detected in different studies [9] [10] [11] [12] . Therefore, RA patients show an increased risk for PD, more tooth loss, and more clinical attachment loss than healthy individuals [6, 10] .
Despite effective therapy for RA and improvements in the clinical situation, the subjective well-being does not always reflect successful treatment [1, 13] . Accordingly, RA seems to have a substantial negative influence on HRQoL [1] . The oral health-related quality of life (OHRQoL) is a component of the HRQoL [14] . Taking the associations between RA and PD as well as an increased risk of tooth loss into account, this link to oral conditions might be an important issue. PD has a negative influence on OHRQoL in healthy subjects, resulting in a potential influence on HRQoL [15] [16] [17] [18] . Additionally, RA patients with oral discomfort or few remaining teeth exhibit decreased OHRQoL [19, 20] . However, robust clinical data that shows to what extent the OHRQoL of RA patients is influenced by oral health status and whether there is a general impairment is not currently available. Consequently, the aim of this monocentric clinical cross-sectional study was to detect OHRQoL in patients with RA in relation to their oral health status in comparison to a healthy control (HC) group. It was hypothesized that RA patients show worse OHRQoL compared to HC patients; therefore, the oral health status influences the OHRQoL.
Materials and methods

Methods
This clinical single-center cross-sectional study sought to determine OHRQoL depending on the oral health (dental and periodontal) of patients with RA in comparison to a HC group. Additionally, data about dental behavior and care were collected. The study was reviewed and approved by the ethics committee of the medical faculty of the Georg-August University, Goettingen, Germany (application no. 9/4/11) in compliance with the Helsinki Declaration. Patients were informed verbally and in writing about the study and gave written informed consent.
Study participants
Patients who suffered from RA and who were undergoing treatment and routine follow-up controls in the rheumatology clinic in Bad Wildungen, Hessen/Germany, were asked to participate in the study (RA group). The following inclusion criteria were required to take part in the investigation: age between 18 and 70 years and a defined medical diagnosis of RA (criteria by the American College of Rheumatology (ACR)) by a rheumatologist (BK-G) [21] .
The following exclusion criteria were determined and controlled by one investigator (clinical anamnesis of the medical records) of the rheumatology clinic (BK-G): additional general disorders and diseases, such as immunocompromised patients (chronic gastric diseases and/or organ transplants), diabetes mellitus, infectious diseases (hepatitis, HIV), seizure disorder or neuropathy, addictive disorders, as well as renal disorders. In addition, pregnancy was an exclusion criterion. Furthermore, it was a requirement that up until the time of the study, no therapy for periodontitis and no use of antibiotics had been performed within the last 3 months.
Participants' health data were obtained from the health/ medical record of the rheumatology clinic. The following aspects were recorded: age, gender, general illnesses, general medication, and lifestyle habits, e.g., smoking habits (smoker or not; definition of nonsmoker: never smoking or no smoking for more than the past 5 years), disease duration (date when the disease started), RA medication (if any), and severity and current BDisease Activity Score^of RA (DAS 28). Additionally, antibodies against cyclic citrullinated peptide (CCP) and rheumatic factor (RF) were documented after blood analysis. For patients, who had no recent hemogram with specific rheumatoid parameters (<4 weeks), no additional blood collection for the study was performed.
A control group with healthy subjects (HC group) from a private dental practice (Kassel, Germany) was matched according to age, gender, and smoking habits of the RA group as good as possible. Exclusion criteria were equal to the RA group. Patients were asked to fill out a standardized questionnaire regarding their general anamnesis about the following factors: gender, age, general illnesses, general medication, and lifestyle habits (see RA group).
Patient questionnaire
Dental care and oral hygiene behavior Participants of both groups were surveyed in a special dental questionnaire. The items on the questionnaire included information regarding personal oral hygiene behavior, dental prophylaxis (maintenance), and the habit of visiting their dentist, i.e., regular dental checkups or only in cases of complaints.
Oral health impact profile (OHIP G14) For the determination of OHRQoL, all participants had to fill out the German short version of Oral Health Impact Profile (OHIP G14) [22, 23] . This survey gathers data about the frequency of 14 functional and psychosocial impacts that people have experienced in the previous month as a result of problems with their teeth, mouth, or dentures. Every question was answered with five different answering possibilities (very often = B4,^often = B3,^some-times = B2,^rarely = B1,^never = B0^). The addition of all values yielded a total score from B0^(all question were answered with Bnever^) to B56^(all questions were answered with Bvery often^).
Clinical examination
All RA patients (rheumatology clinic) and healthy subjects (private dental practice) were examined under standardized conditions by one skilled, nonblinded dentist (JJ). The investigation included dental findings, the evaluation of the periodontal situation, and the assessment of oral hygiene: (2) moderate periodontitis, or (3) no/mild periodontitis [25] . & Oral hygiene: The status of gingival inflammation was recorded using a periodontal probe (PCP 15, Hu-Friedy, Chicago, IL, USA) and classified to the papillary bleeding index (PBI) [26] . The PBI scores ranged from 0 (no bleeding/inflammation-free gingiva) to 4 (profuse bleeding/severe inflammation).
Statistical analysis
Statistical analyses were performed using the statistical software SAS 9.3 (SAS Institute Inc., Cary, NC, USA) and R version 3.1.3 (R Foundation for Statistical Computing, Vienna, Austria). The significance level was set at α = 5%. Because of the descriptive and explorative characteristics of the study, multiple testing was not adjusted. Comparisons between RA patients and the control group were performed for continuous variables using the Wilcoxon rank-sum test; categorical variables were determined using the chi-squared or Fisher's exact test, and ordinal variables were determined by the Cochrane-Armitage trend test. For the best possible adjustment of the disturbance variable (e.g., age or gender), the differences in the groups of the PPD and CAL were tested statistically in linear mixed models. The arrangement of the total score values of the OHIP between the RA and HC groups was confirmed. Therefore, the null hypothesis was tested (two-sided Wilcoxon rank-sum test, α = 5%) and showed that there was no discrepancy between the distribution of the total score values between both groups. In addition, the scores of the single items between both groups were compared for a better comprehension. To minimize the increase in the level of significance because of the plurality of the tests, p values were adjusted with the Bonferroni correction. Further tests were defined as explorative. For ordinal scaled data (e.g., questionnaire of dental behavior), the median, minimum, and maximum are presented. For comparisons, the Wilcoxon rank-sum test was used. For categorical data, the absolute and relative frequencies and two-sided 95% confidence intervals are presented.
Results Patients
Altogether, 103 RA patients (55.5 ± 11.0 years, f = 58) and 104 healthy subjects (56.7 ± 11.9 years, f = 68) were included. Table 1 shows the patient characteristics of both groups. The duration of disease for the RA patients averaged 11.1 ± 15.9 years; 41 subjects (40%) were diagnosed less than 12 months prior. Specific information, such as the duration of the disease, medication, and rheumatoid factors, is represented in Table 2 .
Patient questionnaire
The outcome of the survey of dental behavior and oral hygiene is shown in Table 3 . The results of the OHIP in general are shown in Fig. 1 and Supplementary Table 1 . RA patients (mean OHIP value 7.7 ± 9.6) exhibited a significantly worse OHRQoL than the HC group (1.6 ± 3.0; p < 0.001). Approximately 26 RA patients ranked their OHRQoL as 0, 27 ranked it as 1-3, 5 ranked it as 4-6, 17 ranked it as 7-11, and 28 ranked it more than 12 points. In contrast, in the HC group, 64 subjects ranked their OHRQoL as 0, 22 ranked it as 1-3, 10 ranked it as 4-6, 7 ranked it as 7-11, and only 1 subject ranked it as more than 12 points. Table 4 shows the results of the dental examination (DMF-T) and periodontal parameters of both groups. No significant differences in DMF-T and PBI were determined (p > 0.05). The PPD and CAL values were marginally but significantly increased in the HC group (p < 0.001). The BOP was increased significantly in the RA group (p < 0.01). According to diagnosis classification, 65% of the RA patients and 79% of the HC group manifested periodontal disease (p = 0.02). There was no significant association in the RA group among the duration of disease, disease activity, and severity of periodontal disease (p > 0.05).
Dental and periodontal findings
Oral health quality of life and oral health situation
In the HC group, the dental findings (DMF-T), number of missing teeth (M-T), and periodontal condition had a significant influence on the OHRQoL (p < 0.01), while in the RA group, no significant relationship was observed between dental findings (DMF-T: p = 0.2), number of missing teeth (M-T: p = 0.17) and periodontal condition (p = 0.38). Neither gender nor smoking had an effect on OHRQoL (p > 0.05), but in the RA group, an age >60 years had an impact on the OHRQoL (p < 0.01, Fig. 2a , b, Supplementary Table 2 ).
Discussion
Summary of the main results The RA patients showed a similar oral health status (dental and periodontal) compared to the HC group. The prevalence of periodontitis (moderate n number of patients, mv mean value, SD standard deviation, DAS disease activity score, CCP cyclic citrullinated peptide, DMARDS disease-modifying antirheumatic drugs, NSA nonsteroidal antirheumatics, CRP C-reactive protein, WBC white blood cells, PLT platelet; a These parameters were not available from the record of all patients at the time of the examination and could not be assessed subsequently) a These parameters were not available from the record of all patients at the time of the examination and could not be assessed subsequently and severe) was 65% for RA and 79% for the HC group. RA patients showed a significantly lower PPD and CAL but a significantly higher BOP compared to the HC group. RA patients exhibited an OHRQoL that was significantly worse and independent of their oral health status.
Comparison with international literature
The current literature shows a relationship between RA and PD [6, 10] . The available studies report a high number of missing teeth as well as a high prevalence of PD in RA patients [6, 10] . The current study's results demonstrated a lower prevalence of periodontitis and no increase in the number of missing teeth in the RA group compared to the HC group. In the analyzed patient group, no clinically relevant difference related to dental and periodontal status was determined between RA and HC subjects. Even the HC group presented significantly worse periodontal conditions. This finding corresponds with the results of a few studies, which also show a similar prevalence of PD in RA patients and healthy subjects [27, 28] . This finding might be due to different reasons. It must be considered that the severity of PD can be associated with the severity of RA [29] . A correlation between disease activity (DAS28) and PD severity was found in the current study. Pischon et al. [30] and Joseph et al. [31] also could not detect a relationship between RA activity and PD severity. Another possible influencing factor was the duration of disease. In this context, currently available studies show PD in previous or new-onset RA patients. Therefore, in the initial disease stage, RA could have an effect on PD severity [32, 33] . In the current study, a relationship between the duration of RA and PD severity could not be assessed. A further relevant point is that the definition of PD used by Page and Eke (2007) considers PPD and CAL [26] , while other classifications use BOP as a marker for inflammation. Proportionately, it must be considered that there is increased periodontal inflammation (BOP) compared to HC.
Oral hygiene and dental behavior should also be considered. There were rarely differences between the two groups. There were differences between RA and HC in the level of information about oral hygiene and oral hygiene aids in which RA patients mainly showed deficits (Table 3 ). This is a surprising result, because RA patients reported that they visited the dentist just as often as the healthy controls. Accordingly, it can be assumed that they might be less sensitive or less attentive for the dentist instructions compared to HC patients. It must be considered in this context that only half of the family dentist knew that the patients are RA and therefore risk patients. Furthermore, the higher usage of mouth rinse by RA patients is conspicuous. An explanation for this finding can only be assumed. The RA patients might use mouth rinse because of dry mouth or as a supportive measure to mechanical oral hygiene to balance a possible (motoric) health restriction. Additionally, only half of RA patients were educated on oral hygiene habits at home. It appears that RA patients focus on their general disease instead of their oral health. Comparative data are not yet available in the literature. This is the first clinical study to investigate the OHRQoL in RA patients depending on the oral health situation and in comparison to a healthy control group. Different studies have already investigated the impact of chronic diseases, such as RA and PD, on the HRQoL [1, 15] . Nevertheless, there is still little information about OHRQoL in RA patients. Because of the low number of available studies, it is difficult to interpret the findings of the literature. It might be helpful to see the OHIP G14 values for RA and HC groups in the context of reference values for healthy general population, which were presented by John et al. [34] . Accordingly, for dentate patients, a median of 0 and for partially dentate patients ≤4 are available [34] . Considering the fact that the current study investigated full and partially dentate patients, the mean OHIP G14 value of 1.6 ± 3.0 for HC group is close to the reference values for general population. In contrast, OHIP G14 values for RA group are higher compared to HC and reference for general population. Based on the concept of the minimal important difference [35] , these findings are also clinically relevant.
Furthermore, the comparison to other special patient groups helps to categorize the OHIP G14 values of the RA group. Compared to patients with periodontitis, which were found to show a mean OHIP G14 value of 17.3 in a recent study by Mendez et al. [36] , RA patients had a remarkably lower value. Similarly, values for patients with temporomandibular disorders (mean 14.0) and dental anxiety (mean 22.4) were shown to be higher in German patients [37] . Therefore, it seems that RA patients have a worse perception of their OHRQoL, which is lower than for patients with oral diseases. This is almost comparable to previous findings of this working group for patients under hemodialysis and after kidney transplantation [38] . The poorer assessment of OHRQoL with a significantly higher OHIP score in RA patients is not surprising regarding physical impairment and the restriction of fine motor skills. This results in reduced domestic oral hygiene and leads to the existing oral health situation. As Ahola et al. (2015) already detected, RA patients who report oral discomfort also indicate an impact on their OHRQoL [20] . This finding was therefore generally expected in the current study because of the prevalence of moderate to severe periodontitis of 65%. In healthy patients, PD affects OHRQoL [16, [39] [40] [41] [42] . Thus, severe periodontitis has a significantly greater impact on OHRQoL than gingivitis and/or moderate periodontitis [43] . For the HC group in the current study, these results were confirmed. However, this result was not apparent in the RA group. This point of view is very interesting because the examined RA patients showed better periodontal findings compared to the HC group. In addition, the groups showed no differences in dental findings (DMF-T, p > 0.05). Previous studies presented that tooth loss adversely affects the OHRQoL [44, 45] . This was also confirmed in the current study, but only for the HC group. For RA patients, no significant relationship was determined between the number of missing teeth (M-T) and OHRQoL. A study by Blaizot et al. demonstrated that a reduced number of teeth is associated with a perceived poorer OHRQoL in RA patients [19] . Furthermore, no significant results between DMF-T (dental findings) and OHRQoL (p < 0.01) were demonstrated in the investigated HC group. This was not apparent for the RA group (p = 0.38). Considering DMF-T decayed-missing-filled index, M-T missing teeth, PBI papilla bleeding index, BOP PPD periodontal probing depths, CAL clinical attachment loss, BOP bleeding on probing, n number of patients, MV mean value, SD standard deviation the comparable oral health situations, it is more remarkable that the examined RA patients (mean OHIP value 7.7 ± 9.6) perceive a considerably higher and clinically relevant impairment of the OHRQoL than the HC group (1.6 ± 3.0; p < 0.001).
Here, it appears to be independent of the present oral health situation in RA patients ( Fig. 2a, b ; Supplementary Table 2) . Consequently, the working hypothesis that RA patients report a worse OHRQoL than HC was confirmed. However, it was shown that the OHRQoL is not affected by the oral health situation in patients with existing RA. RA patients suffer from chronic pain, fatigue, and a subdued mood [46] [47] [48] . These factors have an adverse effect on the HRQoL of those individuals [1] . It may therefore be assumed that the OHRQoL, as a component of HRQoL, is compromised by RA [19, 20] . There may be a fundamental impairment of OHRQoL due to a depressive mood. The possible correlation between RA and depression has already been repeatedly described [49] [50] [51] , and it could also have an impact on the perception of OHRQoL and thus explain the poorer assessment.
In the overall view of the present results, it remains to be considered that RA and PD, as chronic diseases, are initiated or intensified by different influencing factors. These factors include age, gender, smoking, and bacterial infections. Moreover, for PD, the factors include the existence of plaque and reduced oral hygiene [52, 53] . In the current study, the influencing factors (age, gender, nicotine consumption) related to OHRQoL were investigated. Neither gender nor smoking behavior showed an impact on the OHRQoL for both the RA and HC groups. In the HC group, no connection was determined between age and OHRQoL. However, in the RA group, a significant effect of age was observed. The oldest group of patients (>60 years) reported the lowest impairment of the OHRQoL (p < 0.01), which could be because this age group exhibits basic disease and increasing age-related health impairments; thus, the oral health condition and associated mental status (OHRQoL) assume subordinate roles.
Strengths and limitations This is the first study to investigate the OHRQoL of patients with RA depending on their oral health status compared to the HC group. More than 100 patients could be included for both groups (RA and HC). A weakness of the current study includes the heterogeneity of the RA group in relation to medication and the duration of disease. Under certain circumstances, a division of groups with shorter and longer disease durations would help detect differences. It was not considered to include a maximum of a large group of RA patients. The OHRQoL is a component of HRQoL; therefore, the study of general and psychological factors would be of interest. In doing so, functional aspects and possible depression should be considered. Furthermore, the assessment of oral hygiene indices would provide a more comprehensive picture of the oral hygiene situation of the patients. However, by logistic reasons, a sufficient assessment of oral hygiene indices was not possible for the patients in RA group.
Implications for clinical practice RA patients require more intensive care due to dental, medical, and psychological factors. It is of great importance to regard the physical and mental constitutions of the RA patient in dental practice. Patients should be supported purposefully to appreciate their oral health conditions and to recognize the corresponding improvement. They need to be trained to the effect that they feel self-determined and in control of disease and thus increase their HRQoL in general.
Conclusion
Within the limitations of the study, a relationship between RA and PD could not be detected. Irrespective of the oral health status, a greater impairment of the OHRQoL was found in patients with RA. From a dental point of view, RA patients required more intensive care concerning the possible indications of reduced oral hygiene, the promotion of oral hygiene, and a purposeful dental rehabilitation (dental and especially periodontal), which affected the lasting positivity of OHRQoL. The selfdetermined and controlled appreciation of one's own oral health situation is essential and can increase the HRQoL.
